Iron deficiency is the most common nutritional deficiency in the world with immense public health consequences. It has a complex etiology and prolonged imbalance between dietary intake, absorption, and body needs which leads to iron deficiency anemia. If developed during pregnancy, it significantly alters pregnancy outcomes. Low birth weight is one of the main features, and those infants are at increased risk of developing anemia later in life. Along with widely recommended and practiced supplementation during pregnancy, proper combination of foods remain the best way for an optimal absorption of iron. Dietary iron is directly related to the total dietary energy intake, but depending on the type of its dietary source, maximum absorption is up to 40% of the total intake. Plant foods, the basis of everyday diet, contain significant number of dietary factors that inhibit iron absorption in the gut. Therefore, planning a well-balanced diet in order to achieve maximum absorption of iron from foods can be challenging. Pregnancy, especially its earliest period, is considered as the critical window in fetal programing, an ideal time frame to reduce risk factors for a number of health conditions in a newborn. Healthy pregnancy should be observed as a prerequisite for a healthier society.
Introduction
Iron is usually discussed from the aspect of undeveloped or developing countries that often experience food insecurity, or even famine. Deficiency of iron is the most common nutritional deficit around the globe, therefore the issue of iron is global [1, 2] . This is a multiple stage metabolic process and its main feature is gradual progression of iron deficiency (ID) toward severely depleted stores of iron in the body when iron deficiency anemia (IDA) develops. The etiology of IDA (Figure 1) is very complex and includes iron stores, food low birth weight infants, preterm delivery, labor complications, and higher rates of cesarean section [23, 24, [26] [27] [28] [29] [30] . The risk increases with the more severe stages of ID [21, 23, 24, 26, 27, 29] . A newborn enters an infinite loop of ID and its related health problems [31] .
All stated additionally highlights the importance of proper food combination during pregnancy [32] . Timed recognition and proper treatment of ID could significantly alter health indicators, not only on an individual level but also on a population level. The more recent findings shed a new light on ID which favors the proposed idea; obesity has been linked to low iron stores, confirmed in both pregnant women and children [20, [33] [34] [35] [36] [37] ].
Definitions and prevalence
Prevalence around the world varies widely. According to the World Health Organization (WHO), the frequency of ID in developing countries is about 2.5 times that of anemia [1] . However, Croatia ID is 3.8 times more frequent among pregnant women at early pregnancy [25] , which backs up the theory of depleted iron stores before pregnancy [3] . The incidence is high especially during pregnancy and lactation in both, industrialized and developing countries [2, 38] . Estimated prevalence of anemia is 43% in nonpregnant women in developing countries and 12% in wealthier regions [1] . On the other hand, estimates from the WHO report indicate that anywhere between 35 and 75% (56% on average) of pregnant women in developing countries and 18% of pregnant women from industrialized countries are ID, with half of them having IDA [1] .
During pregnancy, maternal iron stores should be sufficient to maintain homeostasis of iron for the normal growth and development of fetus. Still, as pregnancy progresses physiologic anemia in later phases can be expected, due to hemodilution, a process of nonsimultaneous and disproportional increase in the total plasma volume (the total increase of around 50%, caused by aldosterone and estrogen) and the number of erythrocytes (the total increase of around 33%; erythropoiesis) [3] [4] [5] [6] 21] . Moreover, physiology of pregnancy requires additional 800 mg of circulating iron during gestation [3, 6, 39, 40] . Therefore, ID and IDA often develop during the later stages of pregnancy even in women who enter pregnancy with relatively adequate iron stores [21, 23] .
The WHO defines anemia as hemoglobin level below 110 g/l for pregnant women, or hematocrit level below 0.330 l/l [1, 41] . This criterion has been widely argued for its low sensitivity toward less severe stages of IDA [25, 30, 40, 42] . Therefore, clinical interpretation is useless unless iron-binding capacity values, that is, transferrin saturation percentage, are available at the same time [40, 42] . In IDA unsaturated-iron binding capacity (UIBC) and total iron-binding capacity (TIBC) are increased while usually transferrin saturation, which normally ranges between 20 and 50%, drops below 15.0%. So, for screening purpose and clinical decision, the WHO besides hemoglobin and hematocrit recommends either serum ferritin or transferrin saturation [1, 41, 42] .
In Croatia, based on the WHO criteria, 17.7% (on hemoglobin basis) and 18.5% (on hematocrit basis) of pregnant women in early pregnancy had either ID or IDA. Clinical criteria showed that even 32.8% of pregnant women in early pregnancy had either ID or IDA (transferrin saturation <20.0%) [25] . The data support the global significance of proper iron stores among women and ID problem in developed countries.
Iron bioavailability
Various food sources have different amounts of bioavailable iron, that is, the amount of iron that can readily be absorbed in duodenum [6] . Still, a significant number of diet-related factors affect the final amount of iron available for the absorption.
For the iron absorption acidity in the stomach is very important (Figure 2) . Absorption of nonheme iron is limited to duodenum [6] . Nonheme iron is presented in one of the two forms: ferric (Fe 3+ ) or ferrous (Fe 2+ ) form. The ferric form tends to form complex salts with anions and asks for a very low pH in the stomach (below 3). On the other hand, ferrous iron is soluble up to pH 8 [6, 43] .
Iron in foods is present as heme and nonheme, deferring by solubility, sources, and absorption level [6] . Foods that are part of the usual, everyday meals have low iron content and low bioavailability. So, only 10-20% of the total iron intake is absorbed, but the absorption percentage is higher if IDA is present [1, 2, 44, 45] . The reason for low absorption lies in numerous inhibitors of iron absorption, such as phytic and oxalic acid, starch, polyphenols (i.e., tannins Current Topics in Anemia from coffee and tea), egg white, calcium, other minerals (e.g., zinc), and numerous medicaments that diminish gastric secretion (e.g., antacids) [2, 32, [46] [47] [48] [49] .
Dietary intake of iron directly correlates with energy intake (on every 4184 kJ comes about 6 mg of iron) [3, 6, 39, 40] . Recommended intake (presented as dietary reference intakes (DRI) [50] ) for pregnant women along with percentage increase from nonpregnant women recommendations is given in Table 1 . Out of all micronutrients, iron and folic acid requirements increase by 50.0% in comparison to nonpregnant women. Folic acid role in pregnancy extends the scope of this chapter. For further details please refer to, for example, Banjari et al. [15] .
Generally speaking, a well-balanced diet goes hand-in-hand with iron-rich foods. But, despite general belief of positive shifts in diet quality during pregnancy [51, 52] , pregnant women do not change it significantly through pregnancy [4, 32] . However, changes in lifestyle habits are reflected in smoking cessation and supplement use, but not in diet quality [4, 32] . Educative programs for pregnant women could significantly alter their behavior, especially in terms of diet and not only during pregnancy but on a long-term basis [53] [54] [55] [56] .
Dietary intervention has shown to improve the iron status of pregnant women gradually and provides better results long-term [53, 55, 56] . Patterson et al. [56] conducted a 12-week intervention, with a follow-up 6 months after the intervention on ID and IDA pregnant women with either iron supplement or iron-rich diet. The supplement group took one tablet containing 350 mg of slow-release ferrous sulfate tablet per day, which was equivalent to 105 mg inorganic iron. On the other hand, the iron-rich diet group followed a diet planned to provide approximately 2.25 mg of absorbed iron per day. Both groups showed significant improvement in serum ferritin levels after the intervention and at follow-up. However, the increase was smaller in the diet group which continually improved iron Iron Deficiency Anemia and Pregnancy http://dx.doi.org/10.5772/intechopen.69114 status during 6 months follow-up [56] . These results clearly show the potential of properly balanced iron-rich diet as a mean for the improvement in iron status, and if timed properly present the best way to prevent ID and IDA in pregnancy.
The total dietary intake of iron increases significantly through gestation [28, 32, 38, 47, 52] , reaching the highest peak at the third trimester [32] . Still, this amount is significantly under the recommended intake [50] and as reported by Banjari et al. [32] , the total daily dietary intake of iron in pregnant women satisfies 35.2% in the first trimester, 37.4% in the second trimester, and increasing to 41.5% in the third trimester of the recommended DRI of iron. Shobeiri et al. [28] reported the intake of iron in Indian pregnant women to around 60% of DRI. On the other hand, even with relatively low total dietary intake of iron proper combination of foods may significantly improve the amount of iron absorbed [32, 56] .
The presence of ID or IDA increases the amount of dietary iron which will be readily absorbed in the gut [2, 3, 6] . Barett et al. [57] have shown that the iron absorption increases through pregnancy, which is foreseeable as a normal physiologic process in pregnancy. Therefore, the iron absorption reaches its maximum by the end of gestation. In other words, the absorption of the total dietary iron starts with 7% absorbed in the first trimester, 36% in the second, and increases to 66% of absorbed iron in the third trimester, falling again postpartum to starting level (of around 11%) [57] . Banjari et al. [32] also confirmed that the amount of absorbed iron follows rising trend toward the end of pregnancy, being the highest in the third trimester being 1.33 mg of absorbed iron (out of 11.2 mg of total dietary iron intake) [32] .
Banjari et al. [32] explained this low level of absorbed iron by the fact that plant foods present the main source of dietary iron for pregnant women, contributing more than 80% to the total dietary intake of iron [32] . Plant foods have been confirmed by numerous studies [2, 47-49, 56, 58, 59] to represent the main dietary source of iron for pregnant women.
Another possible reason includes low intake of meat; Banjari et al. [32] reported daily intake of meat to around 90 g a day. Therefore, the contribution of heme iron to the total dietary intake of iron is low, varying from 15.8, 16.4, and 16.6%, respectively, through gestation [32] . One of the main reasons is high consumption of chicken meat [32] , which does not contain heme iron [60] . In the past two decades, consumption of poultry increased by 50% while simultaneously beef consumption fell by 40%; therefore, the amount of heme iron consumption is significantly lower [59] . Still, the so-called meat factor effect as well as amino acids with sulfur show positive influence on iron absorption [46, 61] .
Consumption of cereals is very important part of a well-balanced diet. However, due to high content of phytates, one of the most potent inhibiting factors for iron bioavailability [46, 62] must be considered with special care, especially in countries with high consumption of cereals and cereal products [63] [64] [65] . According to Johnston et al. [59] , cereals present the most important contributing source to overall intake of nonheme iron. These foods are the main source of the most potent inhibiting absorption factor, phytates [46, 62] , which have been shown to correlate significantly with hemoglobin values of pregnant women, only in the first trimester of pregnancy [4] . This correlation points out that physiology of pregnancy diminishes the effect of inhibition by phytates as pregnancy progresses. Cereals and their products may be used as highly valuable foods by which an individual could increase the total daily dietary iron intake [48, 63] and have been used as functional foods, that is, foods enriched with iron either by a biofortification method or addition of different iron compounds (e.g., electrolytic iron, ferrous fumarate, ferrous pyrophosphate, ferrous lactate, etc.) [48] . Interventions based on iron fortification resulted in a significant drop of ID and IDA prevalence in countries, such as China, Brazil, Venezuela, Morocco, and others [48] . In addition, potential adverse effects of high intake of iron must be considered [6] , but never the less, functional cereal products enriched with iron could serve as a good basis to improve the total dietary intake of iron of not only pregnant women, but also menstruating women and children, that is, population groups at the risk of insufficient intake of iron [63, 66] .
Consumption of coffee and tea are additional important factors due to wide consumption on a daily basis [4, 67] . According to a prospective study conducted in Denmark between 1989 and 1996 on 18,478 singleton pregnancies, 43% of women did not drink coffee, 34% drank one to three cups a day, with 23% of women categorized as heavy users with four or more cups a day [68] . The results from the Danish National Birth Cohort covering time frame between 1996 and 2002 showed 81.2% of women reported drinking either tea or coffee, with coffee being consumed less (44.7% of women) than tea (63.5% of women), and with the average consumption of two cups per day [69] . The results from the Slone Epidemiology Center Birth Defects Study [70] , which covered three periods, that is, [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] , and 2009-2010, show that tea drinking was more popular in early years with 66% of pregnant women consuming tea, which dropped to 39% in later years. On the other hand, a prospective study by Banjari et al. [67] reports that 68.9% of pregnant women were drinking either coffee, tea, or both during pregnancy, with the highest preference toward coffee (130 out of 153 women). The inhibiting effect of coffee and tea is related to polyphenols (garlic, tannic, and chlorogenic acid). Tea shows higher reduction rate (75-80% for cca 200 ml) than the coffee (by 60% for cca 150 ml). Moreover, the consumption of around 100 g of meat reduces their inhibiting effect by 50% [46, 71, 72] . However, it should be noted that pregnant women tend to cease from their preferred beverage due to nausea or heartburn. Heartburn is experienced by 40-80% of pregnant women sometime during pregnancy, while nausea affects nearly 80-90% of pregnant women followed by vomiting in 50% cases [73] . As reported by Banjari et al. [67] , during the first trimester 17.0% of women gave up their preferred beverage due to nausea, while at the third trimester additional 17.7% of coffee drinkers and 26.1% of tea drinkers stopped drinking a particular beverage, referring heartburn as a reason.
Intake of calcium higher than 600 mg/day was found to have the maximum inhibiting effect on iron absorption [46, [74] [75] [76] . However, we must emphasize that in terms of a newborn prolonged breastfeeding serves as a protecting agent from IDA [31] .
Child's diet especially in that early period solely depends on the mother [31] . Strong evidence supports findings that in both low-and high-income settings omission from breastfeeding contributes to infant mortality, hospitalization for preventable disease, such as gastroenteritis and respiratory disease, increased rates of childhood diabetes and obesity, and adult disease, such as coeliac and cardiovascular disease [77] . Breastfeeding impacts IQ and educational and behavioral outcomes of the child. Importantly, a dose-response relationship was found with the greatest benefit resulting from breastfeeding exclusively, with no added food or fluids, for around 6 months [77] , which has been recommended by the WHO [78] . Race and income are major predictors of whether women will exclusively breastfeed for 6 months. The highest rate of breastfeeding is among wealthy whites [77, 78] . However, women with low incomes are often financially compelled to quickly return to the workforce [7] , and for them formula is a convenience. But in a time of prolonged economic poverty child's dietary patterns worsen, and mothers even return to earlier practice of giving cow's milk which worsens the symptoms of IDA [3, 6, 31, 74] .
On the other hand, intake of vitamin C (ascorbic acid) which has the most promoting effect on iron absorption is especially effective when the most powerful inhibitors are present in a meal [46, 79] . Besides important correlation with the gastric acidity [79] , which has immense importance for the overall absorption of iron (Figure 2) , ascorbic acid prevents the formation of low soluble ferric compounds by a reduction process [46] and this important promoting effect has been observed with or without the presence of phytates [80] or polyphenols [46] . The promoting effect of ascorbic acid depends on the meal composition [81] .
Besides already discussed inhibiting and promoting factors, two factors have combined effect on iron absorption. Alcohol increases the absorption of ferric but not of ferrous iron, and this effect has been attributed to enhanced gastric acid secretion [46] . However, the effect was not found in red wine, probably due to high polyphenol content [46, 72] . Vitamin A reduces the inhibiting effect of tea or coffee, that is, it overcomes the inhibiting effect of polyphenols in these beverages, as well as the effect by phytates. They form a complex which is soluble even at pH 6, making iron available for absorption in duodenum. An even stronger effect was found for beta-carotene and other carotenoids (lycopene, lutein, and zeaxanthin) [4] .
Supplementation and other lifestyle habits
Supplementation in pregnancy is highly recommended [2, 24, 38] because of the already mentioned increased needs ( Table 1) , and low dietary intake [28, 32, 38, 51, 52] . Supplementation with iron or iron-folic acid has been widely recommended and practiced [4, 21] ; in Croatia, even 82.6% of pregnant women were taking supplements during pregnancy [4] . Still, general supplementation should be avoided [82] especially having in mind that the recent systematic review and meta-analysis conducted by Fernández-Cao et al. [22] found almost 50% increased risk of gestational diabetes in women having high hemoglobin or ferritin levels, especially in the first and the third trimesters. Additionally, supplements formulated specifically for pregnant women differ significantly in their composition, and if only iron is observed, the intake from producer's prescribed dose (1 or 2 tablets per day) varies from 8 mg up to even 60 mg of iron [4] . Findings from clinical trials on how different supplementation formulations affect iron status during pregnancy and pregnancy outcomes (i.e., time of delivery and birth weight) are equivocal. For example, West et al. [83] conducted a cluster randomized, doublemasked trial enrolling more than 44,000 pregnant women from rural Bangladesh who were provided with supplements containing 15 micronutrients or iron-folic acid alone. Multiple micronutrient supplementation group had statistically significant reduction in preterm delivery (RR 0.85, P = 0.02) and low birth weight (RR 0.88, P < 0.001) as compared to iron-folic acid supplementation group [83] . This contradicts earlier findings from a double-masked randomized controlled community trial conducted on pregnant women from rural Nepal [84] . Study results showed that supplementation with iron-folic acid had increased hemoglobin and had a 54% reduction in IDA; the combination of folic acid, zinc, and iron had a 48% reduction, while the combination of folic acid, zinc, iron, and 11 other micronutrients had a 36% reduction, whereas supplementation with folic acid alone had no influence on IDA [84] . The more recent meta-analysis performed by Petry et al. [85] found that supplementation with iron or zinc during pregnancy had no effect on birth outcomes, but did show the positive effect of low dose daily iron and zinc use during 6-23 months of age on child's iron and zinc status, especially weight-for-age and weight-for-height [85] . Supplementation is encouraged due to expected improvement in iron blood status. A study by Scanlon et al. [29] showed that the prevalence of anemia (based on hemoglobin level) among iron-supplemented pregnant women participating in public health nutrition programs is approximately 8% in the first trimester, but this was not confirmed by Banjari [4] reporting that 3.6% of pregnant women were IDA with additional 10.8% being ID at the first trimester.
One of the most detrimental lifestyle habits during pregnancy is smoking. It has been associated with the increased risk for spontaneous abortion, especially during the first trimester, reduced birth weight, and perinatal mortality [86, 87] . In combination with ID and especially IDA negative effect on pregnancy outcomes is even greater, leading toward low birth weight and preterm delivery [86, 87] . Smoking cessation is very common among pregnant women, and as reported by Banjari [4] even 72.8% of pregnant women decided to stop smoking during pregnancy, while 27.2% of women continue to smoke regardless of all recommendations and the knowledge of its adverse impact on child's health.
ID, IDA poverty, and obesity
Iron-rich foods and those that contain nutrients that promote iron absorption fall into a group of foods with the highest price per serving [88] . According to the Food and Drug Administration "healthy foods" are defined as foods based on the protein, fiber, vitamins A and C, calcium, and iron content, and cost analysis showed that grains, dry beans, and eggs are the lowest cost sources of iron [89] . However, those foods contain iron of very low bioavailability [32, 46] . A well-balanced diet with highly bioavailable iron must include foods like meat, fish, and fruits. It is estimated that around one-third of children have low dietary intake of iron [90] . At the time of economic insecurity and fall in socioeconomic status (SES), these foods are the first ones being cut from a diet [91] .
At first, the link between iron deficiency and obesity seems farcical. However, in the obesity pandemic era [92] , we are experiencing micronutrient deficiencies that are not expected in developed, rich countries [20, [33] [34] [35] . The trend affects all population groups; therefore, it is no surprise that overweight/obesity condition is considered the number one priority currently in obstetrics and gynecology [19] . In Croatia, as reported by Banjari [4] , 16 .7% women start pregnancy as overweight, with additional 10.3% being obese. If we add up excessive weight gain during pregnancy, which was observed among 40.5% of all pregnant women in Croatia [4] , the impact of obesity on pregnancy outcomes and future child's health is immense.
The preexistence of overweight/obesity or excessive weight gain during pregnancy represents a significant risk factor for fetal macrosomia and medical complications, including pregnancy-induced hypertension, gestational diabetes, and cesarean delivery [19, 20, [93] [94] [95] [96] [97] [98] [99] . Importantly, for women entering pregnancy with a normal body mass index, an inadequate weight gain poses higher risk [20, 94, 95, 100] . Besides, maternal obesity and gestational weight gain are confirmed risk factors for childhood obesity [98, 101] , with effects that extend into adulthood [98, 99, 102] . No wonder why childhood obesity rates and predictions seem especially alarming. The predictions say that by 2025 the rate of overweight children is expected to increase to 15.8%, with additional 5.4% of obese children aged 5-18 years by 2025 [103] .
A systematic review by Zhao et al. [37] confirmed a significant correlation between ID (including the risk of ID) in obese and overweight individuals. Obese individuals despite their excessive dietary and caloric intake have an unbalanced diet based on carbohydrates and fats [35] . This has also been confirmed for overweight and obese children by Hutchinson [36] . This systematic review concluded that overweight and obese children and adolescents have a higher prevalence or risk of ID, and the evidence is consistent. However, Hutchinson [36] emphasized that the true relationship between body fat mass and iron absorption is still to be clarified. Low-hemoglobin level was found among overweight/obese pregnant women [19] .
As already mentioned, pregnancy is observed as a critical window for future child's development and considered as an ideal time frame for interventions that would target specific health-related outcomes in child, such as obesity, diabetes, etc. [14, 16, 98, 99, 104] . Evidence supporting this approach accumulates by day. There is no such pretimed intervention, and as nicely emphasized by Gillman and Ludwig [99] timely intervention during the early, plastic phases of development may lead to improved lifelong health trajectories.
To sum up on the relation between obesity and ID/IDA, both conditions are more prevalent in population groups with low-quality diet. The relation extends beyond low-SES, consumption of low-cost foods that generally have a low content of essential nutrients [35, 105, 106] , and especially iron [88] . Additionally, for pregnant women characteristics, such as younger age, lower level of education, with more children, and with higher prepregnancy, body mass index significantly alters diet quality during pregnancy [20, 51, 52] . In other words, this is an infinite loop of ID and IDA [31] . Therefore, targeting pregnant women affected by any of the above-mentioned characteristics/risk factors could significantly improve not only their iron status but also their state of nourishment and the overall health status. By that, we would alter future generations of children, making it a prerequisite for a healthier society.
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